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RECEIVED

Ms. Marlene H. Dortch, Secretary

Federal Communications Commission JUN 2 2 2004

445 Twelfth Street, S.W. COMMISEION
- R MMUNICATIONS

Washington, D.C. 20554 R T SECRETARY

RE: WT Docket No. 03-103
Notice of Ex Parte Presentation

Dear Ms. Dortch:

This is to inform you that AirCell, Inc. ("AirCell") made an ex parte
presentation on June 21, 2004 with respect to the above-referenced proceeding.
AirCell representatives Joe Cruz and Bill Gordon, as well as AirCell consultants
Ivica Kostanic, Ph.D., Assistant Professor at Florida Institute of Technology, Grant
Saroka, Saroka & Associates, and I met with the following Wireless
Telecommunications Bureau (“WTB”) staff: David Furth, Shellie Blakeney, Kathy
Harris, Guy Benson, Jay Jackson, Tom Derenge, and the following representatives
from the Office of Engineering and Technology (‘OET”): Ed Thomas, Julius Knapp,
Jim Schlichting, George Sharp, Shameeka Hunt and Ahmed Lahjouji.

The presentation discussed the points set forth in AirCell’s comments
and reply comments in the Air-Ground proceeding, including further detail
concerning AirCell’s technical presentations of January 14 and March 10, 2004.
Specifically, AirCell presented the attached slides to demonstrate how restructuring
the ATG band would permit up to four air-ground service providers. As outlined in
the slides, Dr. Kostanic described AirCell’s use of various isolation methods to
facilitate spectrum sharing in the ATG band, including cross-duplex operation,
polarization isolation, partial channel overlap, and deployment of smarter

antennas.
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Pursuant to Section 1.1206(b)(1) of the Commission's rules, [ am filing
an original and one copy in the above-referenced docket. In addition, ] am sending
one copy of this notice to each of the FCC staff listed below. Please contact me
directly with any additional questions.

Respectfully submitted,

VAL

Michele C. Farquhar
Counsel to AirCell, Inc.

Enclosures

cc: David Furth
Shellie Blakeney
Guy Benson
Kathy Harris
Jay Jackson
Tom Derenge
Ed Thomas
Julius Knapp
Jim Schlichting
George Sharp
Shameeka Hunt
Ahmed Lahjouji




e‘f}ffr(]eﬂ
Evaluation of ATG Spectrum

. . ’ . 004 AirCell, I
ATG Spectrum Migration Proposal Confidential



Presentation Outline
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Introduction

 Purpose
— Evaluate different possibilities for ATG spectrum.

— Examine theoretical and practlcal |ssues for spectrum sh aring
between four systems sttt L

* Impact of the in

— Sir ulation results compared/checked with theoretical bounds
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Outline of the previous AirCell

1.25 MHz

proposal

Phase 1
NB

SISl ’

1.26 MHz

Va

|

0.6 MHz
0.15 MHz

1.25 MHz

Phase 2

1.25 MHz

2 MHz

1.25 MHz

I
[

1.25 MHz

2 MHz

» <
894 MHz

851 MHz
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>

806 MHz A

Air to ground

Ground to air

Phase. 1

~ . Lower CDMA system |oading of 25%
- during this phase

— K=3 spectral plan for 6KHz ATG
operation during transition gthree
channel blocks at bottom of band)

Phase 2
2 wideband systems
— overlap 40% (.5/1.25)

— no legacy systems
— high system loading

Note: These systems
are co-polarized

Existing narrowband system .

.

Guard band
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Isolation methods used in ATG
spectrum sharing .

Cross-duplex operation

Polarization isolation

Partial ch annl oVe
ant of “smarter” antennas

Deployme

3eam switching

— Beam steering

. . 04 AirCell,
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Interference avoidance through <

cross-duplex operatlon

plane to plane

Aircraft A1 interference
Q&{ -

A1 reverse link
communication
849-851MHz

t;ommumcatlon
849-851MHz

2 reverse link
mmunication
894-896MHz

A1 forward link
communication ::

il

~Z

base to base
interference

BS2: Serving base
station for A2

Cross dup ation switches transmlt and
receive bands for the two systems

ATG Spectrum Migration Proposal

“Interference paths im» ross-

betwee |

duplex operation

— Reverse link of one system to
forward link of the other
(aircraft to aircraft)

— Forward link of one system to
reverse link of the other (base
to base)

Base to base interference —
easily controlled by physical
separation and antenna
patterns

Previous AirCell reports
analyzed swapped spectrum
interference

© 2004 AirCell, Inc
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Interference avoidance through <t
polarization isolation

Aircraft A1

Aircraft A2

Rt - Interference reduced
X A2forwandink by polarization

communication

849-851MHz isolation

+ |nterference occurs
both on FWD and REV

Attenuated through link
polarization isolation 7_\k L o
Hpol toVpol * Not the same on Pilot
and FWD link traffic
channel

Serving base

ér]n for A1 - Vpol BS2: Serving base

station for A2-Hpol « REV link interference —
“near-far” problem

lllustra cf forward link interference on co-

duplex, cross-polarized systems
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. g Cell
Interference avoidance through <

beam switching

+ Systern 1 . Antenn syste |
base deploys muiltip!
.. “switch beams

.« Radiation / reception — only
in limited portion of space
« Traditional approach —
switching in the horizontal
plane

« ATG deploymentis 3D —
switching may be used in
vertical plane

« More effective in combating
FWD link interference

Beam switching reduces interference on )
' lication links

ATG Spectrum Migration Proposal | © 2004 Airel, Inc



Spectrum Plan - 1

Polarization 1.25 MHz > 1.25 MHz

[ T
e | LAY Ll

i et |l
Horizontal — —E

1.25 MHz

1.25 MHz

2 MHz 2 MHz

d
g

849 MHz

896 MHz

Horizontal polarization

@ Air to ground
% Ground to air

Vertical pol

uency allocation for Plan 1

ATG Spectrum Migration Proposal

SW [40%]

SW, PL [40%]

PL [100%] PL [100%)]

SW [40%)]

sYs3 SYS4

« same color — spectrum collocate
- same pattern — same polarization
+ SW —switched spectrum

~ « PL — polarization isolation

« [x%] — percent of spectrum overlap
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systems

. 8sYs2

SW [40%]

Polarization 1.25 MHz 1.26 MHz
. L
Vertical |
1 i
Horizontal — §

1.25 MHz

2 MHz

2 MH2z

SW, PL [100%]
1.25 MHz

PL [40%] PL [40%]

Horizontal polarization

E Air to ground
E Ground to air

juency allocation for Plan 2

ATG Spectrum Migration Proposal

»

896 MHz

SW [40%]

SYS 3 SYS 4

» same color — spectrum collocate
« same pattern — same polarization
« SW - switched spectrum
* « PL — polarization isolation
* [x%] — percent of spectrum overlap
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Spectrum Plan - 3

1.25 MHz

Polarization 1.25 MHz

it

il
e

Vertical l
_ “ill’i 2 systems
Horizontal =———= = svst ~ svs2
SW[100%] JD

SW, PL [40%]

I [

1.25 MHz 1.25 MHz
PL [40%)] PL [40%]

2 MHz

< 2MHz - >
849 MHz =851 MHz 894 MHz 896 MHz
Horizontal polarization SW [100%]
= Airto ground SYS3 SYS 4
e ‘Ground to air E Ground to air
- same color — spectrum collocate

- same pattern — same polarization
- SW — switched spectrum
 PL — polarization isolation

« [x%] — percent of spectrum overlap
' ' © 2004 AirCell, Inc
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Plan 1

SYS 1

PL [100%]

SYS 3

Plan2  svsi

SYS 3

Spectrum plan -summary <

Plan 3

SW [40%)]

SW, PL [40%]

SW [40%]

SW, PL [100%]

ATG Spectrum Migration Proposal

SYS 2

)

PL [100%]

SYS 2

PL [40%]

syst1 . sYs 2

PL [40%]

SW [100%]
SYS3 SYS 4

“Horizontal” interference —swapped spectrum

systems — Analyzed in FCC report (March 10)
“Diagonal’ interference — negligible
“Vertical” interference — non-swapped systems

with different polarization
— Two cases — 40% and 100% of spectrum
overlap

The most favorable allocation — Plan 2. (40%

_overlap)

Allows migration of existing systems — Plan 3
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A Cell
Cross Country =

co-duplex, cross-polarization simulator

V-pol F

= Antenna patterns with null fills (no

et nulls more than 20dB below the
peak)

— Altitudes 18,000 — 40,000 feet

— Average of 10 voice calls per plane

— Three different loading scenarios

4C qﬁ) Network one:
LDy .

Mapping between system loading and

Netwo :
-;:: Pl the number of supported aircraft

. ' Loading [%] Number of aircraft
Topology of the inter-system test bed for P y
Cross- scenario T :

© 2004 AirCell, Inc
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Airport Scenario AirCell
co-duplex, cross-polarization simulator

ATG Spectrum Migration Proposal

._networkgi pol _.

= 120 degrees pattern-:wﬁh null
fills (no nulls more than 20dB
below the peak)

- Altitudes 1000 — 40,000 feet
— 10 voice calls per plane

— Three different loading
scenarios

Mapping between system loading and
the number of supported aircraft

Loading [%] Number of aircraft
25 12
50 24
75 36
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General simulation parameters

TIME SIEP | i Seconds Increment om the mﬁaﬁg e
7 1 8§70 Mz Average operating frequency
NumCallsAC, ig - Average number of voice cals per arcraft of e
first svstem
NumCallsAF 6 Average murber of voice calls per aircralt of the
second svstem
W 1.2288e8 - Chip race for INEVDO svatem
Zrin 16608, 13867 fost Mimioom arcral alntude
Zman 6864 feet Maximum arcrall alutde
Yiendsy 3864, 180% kaots Mmoo velooty of the arcraft
Ymax 450 AR knots Aaxemum «“n&nm‘. of the arcraft
[ NmVerSep {368 feet NEam vertcal separation between arcralt
| MinHorSep 3 miles Minsmum borizontal mumuﬁnﬁ between airoraft
VAF 73 - AVErage vOice aoivty
FL _IF_ Scalt WEEERE - Scaling of the interterence due to partial everlap
BSPA immﬁan 28 W Hase station transmit powey
BENF 4 i Base station noise Dgure
BSDL CL 3 d8 Forward Bnk cable josses
[ BS.UL_CL 3 48 Reverse Ik cable losses
MS.PA power 23 dBm Aobile station tansmst power
MENF £ 48 Notse higure of the mohile
MS ERNE 4 d8 Required Eb Nt for the reverse ik
& RN whes Cell siee radius, ¢ £ Flg >
1. cross-cowmtey svenaio

‘- girport scenaric; -
- 0% spectram overlap;

~ $00% spectrum overlap

ATG Spectrum Migration Proposal
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Beam switching — AmrGell
cross country scenario e

A - S '::Omm-dlrect|onal pllot
transmission

« On traffic channel - TX and
P RX through one beam
_ « Vertical patterns

— 6 deg of beamwidth,
Active beam - 45 deg Of Uptl|t,
— -20dB antenna fill - patterns

Omnidirectional
<«— cell with 12 beams

Switched beam architecture — CC scenario

ATG Spectrum Migration Proposal © 2004 Aircil, Inc



Beam switching— = &
airport scenario

,_ .l||$;

N\
per sector

..« Sectorized pilot
transmission (120 deg)

s On the traffic channel —
TX and RX through one
beam

. Vertical'patterns

Active beam — 6 deg of beamwidth
— 4.5 deg of uptilt |
Three sectored — -20dB and 0dB null fill

sites

Switched beam architecture = Airport scenario
ATG Spectrum Migration Proposal e fdentia



Simulation cases

-20dB nul! fill
antennas

OdB nuilt fill
antennas

Cross country I . 1 Cross country ' Airport I Airport collocate .

# beams per site/sector

b1l o lel w20 1 2 a4l 20 &

loading [%]

s HEHEBEERIEENERNR
s H AR EEREEENEBE

loading [%]

g
H
H
]
H
N
B
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olarization

aircraft/system

. 50% loading - 8
aircraft/system

o 75% loading — 12
aircraft/system

e Used -20dB null
fill antennas

ATG Spectrum Migration Proposal

Loading %] # of aircraft
25 16
50 32
75 48
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-10

Polarization
isolation —

12d

75% Ioading -12
aircraft/system
Used —20dB null
fill antennas

1 co :
IS i:f"'ﬂﬂ—‘_:
11 | S S s
o ' : :
g U_E """ Frr=-==-== T====" :!" it i rTre=s==== Fom====9
=] H
[ i
L T e T s =11 ¥ 1/ FCEERE SUCSOET ERUSUEE TECPERY
(n
Q2t---- Lenmc—a=man I iy S dewe=d N EL----- P lecceaen | IR ——
1] . : : H
-20 5 10 158 20
MS TX power [dB] Noise rise [dE]
Cross cour eam per cell (omni), 40% spectrum overlap,

blue - 25% loading, green < 50% loading, red — 75% loading

ATG Spectrum Migration Proposal

Loading [%] # of aircraft
25 16
50 32
75 48
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Results - summary of cross-country &l
scenario

No beam switching

25% loading
Percentile 10 50 90
Pilot SINR [dB] 1.5 2.2 6.0
Traffic SINR [dB] 0.0 4.9 11.0
MS TX Power [dBm] 6.0 11.0 T 12.5 17.0 10.0 15.0 20.0
Noise rise [dB] 1.0 25 4.2 3.8 5.5 8.2
Switching with 12 bea
25% loading 50% loading . 75% loading
10 50 90 10 50 90 10 50 90
1.6 2.0 55 1.5 2.0 6.0 1.5 2.0 6.0
11.0 19.0 24.0 9.0 18.0 24.0 7.0 17.0 23.0
60 | 11.0 14.0 6.0 11.0 15.0 6.0 13.0 18.0
0.0 1.0 2.0 0.2 1.5 | 3.0 1.0 3.0 6.0

All performan

ATG Spectrum Migration Proposal | © 2004 AirCell, Inc
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hability

T . : : : 50% loading - 24
gl : : : B : aircraft/system
-10 o 75% loading — 36
| aircraft/system
1
o Used -20dB null
e fill antennas
£ 0B}----!
@ E
S 0.4 :
= E
0.2}----!
a i Loading [%] # of aircraft
20
MS TX pawer [dB] Noise rise [dB] 25 48
: — : 50 %6
.per cell (sector), 40% spectrum overiap, blue - 75 144

25% 'Ibadmg green - 50% loading, red - 75% loading
’ © 2004 AirCell, Inc
Confidential
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_____

loading — 12
aircraft/system
50% loading - 24
aircraft/system

75% loading — 36
aircraft/system

Used —20dB null
fill antennas

Noise rise [dB]

ATG Spectrum Migration Proposal

(sector), 40% spectrum overlap, blue -
25% loading +50% loading, red — 75% loading

Loading [%] # of aircraft
25 48
50 96
75 144
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Results - summary of airport scenario <
-20dB null fill

No beam switching

25% loading 50% loading
Percentile 10 50 90 10 50
Pilot SINR [dB] -3.0 -1.0 1.5 -3.0 10 | 2
Traffic SINR [dB] -2.0 0.0 6.0 v | 30 | 30 | 30
MS TX Power [dBm] -8.0 12.0 2290 4.0 21.0 23.0
Noise rise [dB] 0.0 0.0 9.0 19.0 0.0 19.0 25
25% loading 50% loading 76% loading
10 50 20 10 50 90 10 50 90
-3.0 1.5 2.0 -3.0 -1.5 2.0 -3.0 -1.5 2.0
1.0 9.0 24.0 1.0 5.0 18.0 1.0 5.0 14.0
-9.0 0.0 18.0 -6.0 6.0 20.0 -2.0 18.0 23.0
0.0 4.0 15.0 0.0 13.0 24.0-

to hlgh

. . 2004 AirCell, I
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II
Results — Airport scenario [40%] - 4 et

N W T Polarization
2 : : o)
E QS rbonvmnnnens =
2 : ; S
. B B A s I L K. ] SIS SUSTEREIN F/ Y TTAS S
5 m , |«
] R fronneees 3o .
I : . : aircraft/system
19 ¢ 10 -1 e mm% - ¢ «  75% loading — 36
raffic SINE (4B} aircraft/system
1 — e |
e ; w « Used 0dB null fill
. y ..wn\ ax.xmi N antennas
= £ 08l AT .
& B : ; : |
= & 04 \ Covrnfonmnnas fovmnn ;
a & i : : |
0.3 .ﬂ,f&\.ﬁ»..f:..+m.,.f...§§wx:ff
e : : |
] « ‘ < _ Loading [%] # of aircraft
2 g 5 W B o5 a8
ﬁw TX power {dB] ioige rige 48]
: 50 96
Airport — 1 per cell (sector), 40% spectrum overlap, u_cm Nm,x. 75 144

0% loading, red — 75% loading

_omn_sm_. gree
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ir Cell
Results — Airport scenario [40%] - 6 -

1 p——r ; | proy plarization
0.8 fernvioemvnnrenio fhonnnad 1] - "
Py : : P :
F (- & ST Jravad E 08}eed
b T ¥ F ¥
s ! : i ;
s Y e s IRl Javes & 04}t
a. : : G : « 50% Ioadmg 24
PUPVS T o vubtndnees o p uemabmevmemavabrecasg
S ! ; R ' aircraft/system
R ¢ 1 LT +  75% loading — 36
Fiiot SINR [dB] Traffic SINR [dB] aircraft/system
3 g 1 s 3
; AT A « Used 0dB null fill
R ] R e [ Fonavmasa R Akt ST povannd antennas
. ) : 2 / N N N
E ot N Jreend  E wegfenee o fraveas fravannd
k] E : 5 3 : : :
g3 73 TERSE PUDE 5 ANPE PEPPIPRRES POPRS SN - B R RRLTTTE DAY
a : : : & ; : :
114 SOOI R F SEPS favamnsan Jnmaed gremanas favvnens e
A : : : : : N i
- : : : h : J Loading [%] # of aircraft
26 g 20 5 w1 20 25 _ 48
WS TX poveer [dB] Moise rise [dB8) 0 o6

75 144
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Results - summary of airport scenario <=4l

0dB null fill

No beam switching

25% loading 50% loading
Percentile 10 50 90 10 50
Pilot SINR [dB] 4.5 2.0 6.0 1.5 20 | 6.
Traffic SINR [dB] 0.0 5.0 14.0 46 |3 -
MS TX Power [dBm] 5.0 -10 | 8.0 -2.0 -10 -2.0 15
Noise rise [dB] 3.0 7.0 25 8.0 25.0
25% loading 50% loading T 75% ioadLng
10 50 90 10 50 90 10 50 90
1.5 2.0 5.0 1.5 2.0 55 4.5 2.0 5.5
fic SINR [dB] 6.0 20.0 38.0 4.00 13.0 29.0 4.0 11.0 24.0
S TX Power [dBm] -16 -10 6.0 16 8.0 4.0 12 | 5.0 8.0
0.0 1.0 2.0 0.0 2.0 4.0 0.0 4.0 16.0

For 75% loading interference is manageable

ATG Spectrum Migration Proposal O O e et



AHC@H
Observations and conclusions

* Four systems can operate in ATG band

— Spectrum swapping

— Polarization isolation

— Partial spectrum overlap T

e In cross-country scen

itional hardware improvement (switch beam base
nnas, beam forming aircraft antennas) — may reduce
rference even further

. . ' © 2004 AirCell, I
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